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FRICTION CONTROL COMPOSITION WITH 
ENHANCED RETENTIVITY 

The invention relates to friction control compositions for 
applying to surfaces Which are in sliding or rolling-sliding 
contact. More speci?cally, the present invention relates to 
friction control compositions With enhanced retentivity. 

BACKGROUND OF THE INVENTION 

The control of friction and Wear of metal mechanical 
components that are in sliding or rolling-sliding is of great 
importance in the design and operation of many machines 
and mechanical systems. For example, many steel-rail and 
steel-Wheel transportation systems including freight, passen 
ger and mass transit systems suffer from the emission of high 
noise levels and extensive Wear of mechanical components 
such as Wheels, rails and other rail components such as ties. 
The origin of such noise emission, and the Wear of mechani 
cal components may be directly attributed to the frictional 
forces and behaviour that are generated betWeen the Wheel 
and the rail during operation of the system. 

In a dynamic system Wherein a Wheel rolls on a rail, there 
is a constantly moving Zone of contact. For purposes of 
discussion and analysis, it is convenient to treat the Zone of 
contact as stationary While the rail and Wheel move through 
the Zone of contact. When the Wheel moves through the Zone 
of contact in exactly the same direction as the rail, the Wheel 
is in an optimum state of rolling contact over the rail. In such 
a case, no appreciable friction exists betWeen the Wheel and 
the rail. HoWever, because the Wheel and the rail are 
pro?led, often misaligned and subject to motions other than 
strict rolling, the respective velocities at Which the Wheel 
and the rail move through the Zone of contact are not alWays 
the same. This is often observed When ?xed-axle railcars 
negotiate curves Wherein true rolling contact can only be 
maintained on both rails if the inner and the outer Wheels 
rotate at different peripheral speeds. This is not possible on 
most ?xed-axle railcars. Thus, under such conditions, the 
Wheels undergo a combined rolling and sliding movement 
relative to the rails. Sliding movement may also arise When 
traction is lost on inclines thereby causing the driving 
Wheels to slip. 

The magnitude of the sliding movement is roughly depen 
dent on the difference, expressed as a percentage, betWeen 
the rail and Wheel velocities at the point of contact. This 
percentage difference is termed creepage. 

At creepage levels larger than about 1%, appreciable 
frictional forces are generated due to sliding, and these 

frictional forces result in noise and Wear of components Harrison, T. McCanney and J. Cotter (2000), Recent Devel 

opments in COF Measurements at the Rail/Wheel Interface, 
Proceedings The 5th International Conference on Contact 
Mechanics and Wear of Rail/Wheel Systems CM 2000 
(SEIKEN Symposium No. 27), pp. 30—34, Which is incor 
porated herein by reference). The noise emission is a result 
of a negative friction characteristic that is present betWeen 
the Wheel and the rail system. A negative friction charac 
teristic is one Wherein friction betWeen the Wheel and rail 
generally decreases as the creepage of the system increases 
in the region Where the creep curve is saturated. 
Theoretically, noise and Wear levels on Wheel-rail systems 
may be reduced or eliminated by making the mechanical 
system very rigid, reducing the frictional forces betWeen 
moving components to very loW levels or by changing the 
friction characteristic from a negative to a positive one, that 
is by increasing friction betWeen the rail and Wheel in the 
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2 
region Where the creep curve is saturated. Unfortunately, it 
is often impossible to impart greater rigidity to a mechanical 
system, such as in the case of a Wheel and rail systems used 
by most trains. Alternatively, reducing the frictional forces 
betWeen the Wheel and the rail may greatly hamper adhesion 
and braking and is not alWays suitable for rail applications. 
In many situations, imparting a positive frictional charac 
teristic betWeen the Wheel and rail is effective in reducing 
noise levels and Wear of components. 

It is also knoWn that, Wear of train Wheels and rails may 
be accentuated by persistent to and fro movement resulting 
from the presence of clearances necessary to enable a train 
to move over a track. These effects may produce undulatory 
Wave patterns on rail surfaces and termed corrugations. 
Corrugations increase noise levels beyond those for smooth 
rail-Wheel interfaces and ultimately the problem can only be 
cured by grinding or machining the rail and Wheel surfaces. 
This is both time consuming and expensive. 

There are a number of lubricants knoWn in the art and 
some of these are designed to reduce rail and Wheel Wear on 
rail roads and rapid transit systems. For example, US. Pat. 
No. 4,915,856 discloses a solid anti-Wear, anti-friction lubri 
cant. The product is a combination of anti-Ware and anti 
friction agents suspended in a solid polymeric carrier for 
application to the top of a rail. Friction of the carrier against 
the Wheel activates the anti-Wear and anti-friction agents. 
HoWever, the product does not display a positive friction 
characteristic. Also, the product is a solid composition With 
poor retentivity. 

There are several draWbacks associated With the use of 
compositions of the prior art, including solid stick compo 
sitions. First, out?tting railcars With friction modi?er stick 
compositions and applying to large stretches of rail is 
Wasteful if a noise problem exists at only a feW speci?c 
locations on a track. Second, some railroads have a main 
tenance cycle that may last as long as 120 days. There is 
currently no stick technology that Will alloW solid lubricant 
or friction modi?ers to last this period of time. Third, freight 
practice in North America is for freight cars to become 
separated all over the continent, therefore friction modi?er 
sticks are required on many if not all rail cars Which Would 
be expensive and impractical. Similarly, top of rail friction 
management using solid sticks requires a closed system to 
achieve adequate buildup of the friction modi?er product on 
the rail. A closed system is one Where there is essentially a 
captive ?eet Without external trains entering or leaving the 
system. While city transit systems are typically closed, 
freight systems are typically open With Widespread inter 
change of cars. In such a system, solid stick technology may 
be less practical. 
US. Pat. No. 5,308,516, US. Pat. No. 5,173,204 and WO 

90/15123 relate to solid friction modi?er compositions hav 
ing high and positive friction characteristics. These compo 
sitions display increased friction as a function of creepage, 
and comprise resins to impart the solid consistency of these 
formulations. The resins employed included amine and 
polyamide epoxy resins, polyurethane, polyester, polyethyl 
ene or polypropylene resins. HoWever, these require con 
tinuous application in a closed loop system for optimal 
performance. 

European Patent application 0 372 559 relates to solid 
coating compositions for lubrication Which are capable of 
providing an optimum friction coef?cient to places Where it 
is applied, and at the same time are capable of loWering 
abrasion loss. HoWever, the compositions do not have posi 
tive friction characteristics. Furthermore, there is no indica 
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tion that these compositions are optimized for durability or 
retentivity on the surfaces to Which they are applied. 
Many lubricant compositions of the prior art are either 

formulated into solid sticks or are viscous liquids (pastes) 
and thus may not be applied to sliding and rolling-sliding 
systems as an atomiZed spray. The application of a liquid 
friction control composition in an atomiZed spray, in many 
instances reduced the amount of the composition to be 
applied to a rail system and provides for a more even 
distribution of the friction modi?er composition at the 
required site. Furthermore, atomiZed sprays dry rapidly 
Which may lead to minimizing the potential for undesired 
locomotive Wheel slip. 

Applying liquid-based compositions to the top of the rail 
has distinct advantages over using a solid stick delivery 
system applied to the Wheels. Using a liquid system alloWs 
for site-speci?c application via a hirail, Wayside or onboard 
system. Such speci?c application is not possible With the 
solid delivery system that continually applies product to the 
Wheels. Furthermore the loW transference rate of the solid 
stick application method Will not yield any bene?ts until the 
track is fully conditioned. This is an unlikely situation for a 
Class 1 rail line due to the extensive amount of track that 
must be covered and the presence of rail cars not possessing 
the solid stick lubricant. Liquid systems avoid this problem 
as the product is applied to the top of the rail, alloWing all 
axles of the train to come in contact With, and bene?t 
immediately from the product. HoWever, this is not alWays 
true as the ability of the applied ?lm to remain adhered to the 
rail and provide friction control is limited. Under certain 
conditions liquid products have Worn off before a single train 
pass. 
WO 98/13445 describes several Water-based composi 

tions exhibiting a range of frictional compositions including 
positive frictional characteristics betWeen tWo steel bodies in 
rolling-sliding contact. While exhibiting several desirous 
properties relating to frictional control, these composition 
exhibit loW retentivity, and do not remain associated With the 
rail for long periods of time, requiring repeated application 
for optimiZed performance. These compositions are useful 
for speci?c applications, hoWever, for optimiZed perfor 
mance repeated re-application is required, and there is an 
associated increase in cost. Furthermore, due to several of 
the characteristics of these liquid compositions, these com 
positions have been found to be unsuitable for atomiZed 
spray applications. 

While a number of friction modi?ers in the prior art 
exhibit positive friction characteristics, a limitation of the 
friction modi?ers is their inability to be retained on the steel 
surface and remain effective over prolonged periods. In fact, 
friction modi?ers must be repeatedly applied to the rail head 
or ?ange interface to ensure proper friction control and such 
repeated application can result in substantial costs. Thus, 
there is a need for friction modi?er compositions Which 
exhibit improved retentivity, durability and function over 
prolonged periods. Such compositions may be effectively 
used in open in either closed or open rail systems. These 
compositions may include solid, paste or liquid formula 
tions. 

It is an object of the present invention to overcome 
draWbacks of the prior art and in particular to enhance the 
retentivity of the friction control compositions. 

The above object is met by a combination of the features 
of the main claims. The sub claims disclose further advan 
tageous embodiments of the invention. 

SUMMARY OF THE INVENTION 

The invention relates to liquid friction control composi 
tions With enhanced retentivity. The present invention relates 
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4 
to friction control compositions for lubricating surfaces 
Which are in sliding or rolling-sliding contact With increased 
retentivity. More particularly, the present invention relates to 
the use of antioxidants in the friction control compositions 
to increased the retention of these compositions on the 
surfaces. 

The present invention relates to a liquid friction control 
composition comprising an antioxidant. 
The present invention provides for a friction control 

composition de?ned above comprising one or more of a 
retentivity agent, a rheological control agent, a friction 
modi?er and Water. 

The friction control composition as de?ned above may 
further comprise a Wetting agent, an antibacterial agent, a 
consistency modi?er, a defoaming agent, or a combination 
thereof. 

Furthermore, the present invention pertains to a friction 
control composition as de?ned above de?ned above Wherein 
the retentivity agent is selected from the group consisting of 
acrylic, polyvinyl alcohol, polyvinyl chloride, oxaZoline, 
epoxy, alkyd, modi?ed alkyd, acrylic latex, acrylic epoxy 
hybrids, polyurethane, styrene acrylate, and styrene butadi 
ene based compounds. 

This invention also embraces a friction control composi 
tion as de?ned above, Wherein the rheological agent is 
selected from the group consisting of clay, bentonite, 
montmorillonite, caseine, carboxymethylcellulose, 
carboxyhydroxymethylcellulose, ethoxymethylcellulose, 
chitosan, and starch. 

According to the present invention there is provided a 
method of controlling noise between tWo steel surfaces in 
sliding-rolling contact comprising applying liquid friction 
control composition as de?ned above to at least one of said 
tWo steel surfaces. This invention also includes a the above 
method Wherein in the step of applying, the liquid control 
composition is sprayed onto said at least one of tWo steel 
surfaces. 
The present invention provides a friction control compo 

sition comprising: 
(a) from about 40 to about 95 Weight percent Water; 
(b) from about 0.5 to about 50 Weight percent theological 

agent; 
(c) from about 0.5 to about 2 Weight percent antioxidant; 

and 
one or more of 

(d) from about 0.5 to about 40 Weight percent retentivity 
agent; 

(e) from about 0 to about 40 Weight percent lubricant; and 
(f) from about 0 to about 25 Weight percent friction 

modi?er 
Wherein, if the lubricant is about 0 Weight percent, then the 
composition comprises at least about 0.5 Weight percent 
friction modi?er, and Wherein if the friction modi?er is 
about 0 Weight percent, then the composition comprises at 
least about 1 Weight percent lubricant. 
The present invention also provides the liquid friction 

control composition as just de?ned Wherein the rheological 
agent is selected from the group consisting of clay, 
bentonite, montmorillonite, caseine, 
carboxymethylcellulose, carboxyhydroxymethylcellulose, 
ethoxymethylcellulose, chitosan, and starch. Furthermore, 
the antioxidant may be selected from the group consisting of 
a styrenated phenol type antioxidant; an amine type 
antioxidant, a hindered phenol type antioxidant; a thioester 
type antioxidant, and a combination thereof. The retentivity 
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agent may be selected from the group consisting of acrylic, 
polyvinyl alcohol, polyvinyl chloride, oxaZoline, epoxy, 
alkyd, urethane acrylic, modi?ed alkyd, acrylic latex, acrylic 
epoxy hybrids, polyurethane, styrene acrylate, and styrene 
butadiene, based compounds. 

The present invention is directed to a friction control 
composition (HPF) comprising: 

(a) from about 50 to about 80 Weight percent Water; 
(b) from about 1 to about 10 Weight percent rheological 

control agent; 
(c) from about 1 to about 5 Weight percent friction 

modi?er; 
(d) from about 1 to about 16 Weight percent retentivity 

agent; 
(e) from about 1 to about 13 Weight percent lubricant; and 
(f) from about 0.5 to about 2 Weight percent antioxidant. 

In the liquid friction control composition (HPF), the anti 
oxidant may be selected from the group consisting of a 
styrenated phenol type antioxidant, a hindered phenol type 
antioxidant; and amine type antioxidant, a thioester type 
antioxidant and a combination thereof. The retentivity agent 
may be selected from the group consisting of acrylic, 
polyvinyl alcohol, polyvinyl chloride, oxaZoline, epoxy, 
alkyd, urethane acrylic, modi?ed alkyd, acrylic latex, acrylic 
epoxy hybrids, polyurethane, styrene acrylate, and styrene 
butadiene, based compounds. It is preferred that the reten 
tivity agent is a styrene butadiene compound and the anti 
oxidant is a mixture of a thioester type antioxidant and a 
hindered phenol type antioxidant. More preferably, the 
retentivity agent is DOW LATEX 226® and the antioxidant 
is OCTOLITE® 424-50. 

According to the present invention, there is provides a 
friction control composition (VHPF) comprising: 

(a) from about 40 to about 80 Weight percent Water; 
(b) from about 0.5 to about 30 Weight percent rheological 

control agent; 
(c) from about 2 to about 20 Weight percent friction 

modi?er; 
(d) from about 0.5 to about 40 Weight percent retentivity 

agent; and 
(e) from about 0.5 to about 2 Weight percent antioxidant. 

In the liquid friction control composition just de?ned 
(VHPF), the antioxidant may be selected from the group 
consisting of a styrenated phenol type antioxidant, a hin 
dered phenol type antioxidant; an amine type antioxidant, a 
thioester type antioxidant and a combination thereof. The 
retentivity agent may be selected from the group consisting 
of acrylic, polyvinyl alcohol, polyvinyl chloride, oxaZoline, 
epoxy, alkyd, urethane acrylic, modi?ed alkyd, acrylic latex, 
acrylic epoxy hybrids, polyurethane, styrene acrylate, and 
styrene butadiene, based compounds. It is preferred that the 
retentivity agent is a styrene butadiene compound and the 
antioxidant is a mixture of a thioester type antioxidant and 
a hindered phenol type antioxidant. More preferably, the 
retentivity agent is DOW LATEX 226® and the antioxidant 
is OCTOLITE 424-50. 

The present invention also pertains to a friction control 
composition (LCF) comprising: 

(a) from about 40 to about 80 Weight percent Water; 
(b) from about 0.5 to about 50 Weight percent rheological 

control agent; 
(c) from about 1 to about 40 Weight percent lubricant; 
(d) from about 0.5 to about 90 Weight percent retentivity 

agent; and 
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6 
(e) from about 0.5 to about 2 Weight percent antioxidant, 
In the liquid friction control composition just de?ned 

(LCF), the antioxidant may be selected from the group 
consisting of a styrenated phenol type antioxidant, a hin 
dered phenol type antioxidant; an amine type antioxidant, a 
thioester type antioxidant and a combination thereof. The 
retentivity agent may be selected from the group consisting 
of acrylic, polyvinyl alcohol, polyvinyl chloride, oxaZoline, 
epoxy, alkyd, urethane acrylic, modi?ed alkyd, acrylic latex, 
acrylic epoxy hybrids, polyurethane, styrene acrylate, and 
styrene butadiene, based compounds. It is preferred that the 
retentivity agent is a styrene butadiene compound and the 
antioxidant is a mixture of a thioester type antioxidant and 
a hindered phenol type antioxidant. More preferably, the 
retentivity agent is DOW LATEX 226® and the antioxidant 
is OCTOLITE® 424-50. 
The present invention also pertains to the use of an 

antioxidant to enhance the retentivity of the friction control 
composition to a steel surface. This enhanced retentivity due 
to the antioxidant occurs Whether or not a retentivity agent 
is present in the friction control composition. One advantage 
of increasing the retentivity of the friction control compo 
sition is that it increases the lifetime of operation or the 
durability of the friction control compositions. 
The present invention also pertains to a method of reduc 

ing lateral forces betWeen tWo steel surfaces in sliding 
rolling contact comprising applying liquid friction control 
composition HPF and LCF de?ned above at least one of the 
tWo steel surfaces. 
The present invention embraces a method of reducing 

draWbar pull betWeen tWo or more train cars, the method 
comprising applying the liquid friction control composition 
HPF and LCF de?ned above to a surface of one or more 
Wheels of the train cars, or the rail surface over Which the 
train cars travel. 
The present invention is directed to enhanced composi 

tions that control the friction betWeen tWo steel bodies in 
sliding-rolling contact. One advantage of the friction control 
compositions of the present invention pertains to an 
increased retentivity of the composition betWeen the tWo 
surfaces, When compared With prior art compounds that 
readily rub or burn off the applied surfaces during use. 
Furthermore, the compositions of the present invention 
exhibit properties that are Well adapted for a variety of 
application techniques that minimizes the amount of com 
position that needs to be applied. By using these application 
techniques administration of accurate amounts of composi 
tion may be obtained. For example, liquid compositions are 
suited for spraying onto a surface thereby ensuring a uni 
form coating of the surface and optimiZing the amount of 
composition to be applied. Compositions may be applied 
from a Wayside applicator ensuring a reduced amount of 
friction controlling composition to be applied to the surface. 
Furthermore, by combining application techniques, or loca 
tions of applicators, combinations of compositions may be 
applied to different surfaces that are in sliding-rolling con 
tact to optimiZe Wear, and reduce noise and other properties, 
for example later forces, and draWbar pull. 

This summary does not necessarily describe all necessary 
features of the invention but that the invention may also 
reside in a sub-combination of the described features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention Will become 
more apparent from the folloWing description in Which 
reference is made to the appended draWings Wherein: 

FIG. 1 shoWs a graphical representation of coef?cient of 
friction versus % creep for three different friction modi?er 
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formulations. FIG. 1A shows the coef?cient of friction 
versus % creep for a friction modi?er characterized as 

having a neutral friction characteristic, see Example 
1—LCF. FIG. 1B shoWs the coefficient of friction versus % 
creep for a friction modi?er characteriZed as having a 
positive friction characteristic see Example 1—HPF. FIG. 
1C shoWs the coef?cient of friction versus % creep for a 
friction modi?er characteriZed as having a positive friction 
characteristic, more speci?cally a very high positive friction 
characteristic see Example 1—VHPF. 

FIG. 2 shoWs a graphical representation depicting freight 
nosie squeal With a dry Wheel-rail system and a Wheel-rail 
system comprising a liquid friction control composition of 
the present invention. 

FIG. 3 shoWs a graphical representation of the retentivity 
of a liquid friction control composition of the present 
invention. FIG. 3A shoWs retentivity as determined using an 
Amsler machine, as a function of Weight percentage of a 
retentivity agent RHOPLEX® AC 264) in the composition. 
FIG. 3B shoWs the lateral force baseline for repeated train 
passes over a 6° curve in the absence of any friction modi?er 
composition. FIG. 3C shoWs the reduction of lateral force 
for repeated train passes over a 6° curve alter applying the 
frictional control composition of example 1 (HPF) Without 
providing any set time. FIG. 3D shoWs the reduction in 
lateral force for repeated train passes over a 6|:I curve after 
applying the frictional control composition of Example 1 
(HPF) at a rate of 0.150L/mile. An increase in lateral force 
is observed alter about 5,000 axle passes and alloWing the 
friction modi?er composition to set prior to any train travel. 
In the absence of a retentivity agent, an increase bilateral 
force is observed after about 100 to 200 axle passes (data not 
presented). FIG. 3E shoWs a summary of results indicating 
reduced lateral force With increased application rate of the 
frictional control composition. 

FIG. 4 shoWs a graphical representation of the retentivity 
of a liquid friction control composition of the present 
invention as a function of Weight percentage of a rheological 
control agent in the composition. 

FIG. 5 shoWs a graphical representation of the retentivity 
of a liquid friction control composition containing an 
antioxidant, (for example but not limited to OCTOLITE® 
424-50), and retentivity agent (e.g. but not limited to DOW 
LATEX 226®) as a function of the number of cycles and the 
mass of the composition consumed. 

FIG. 6 shoWs a graphical representation of the retentivity 
of a liquid friction control composition containing an anti 
oxidant (e.g. but not limited to OCTOLITE® 424-50), but 
no retentivity agent, as a function of the number of cycles 
and the mass of the composition consumed. 

FIG. 7 shoWs a graphical representation of the retentivity 
of a liquid friction control composition containing different 
antioxidants, in the absence, or presence of retentivity 
agents. FIG. 7A shoWs, the retentivity of a liquid friction 
control composition containing different antioxidants, in the 
absence of a retentivity agents, as a function of the number 
of cycles and the mass of the composition consumed. FIG. 
7B shoWs, the retentivity of a liquid friction control com 
position containing different antioxidants, in the presence of 
a acrylic based retentivity agent (RHOPLEX® AC 264), as 
a function of the number of cycles and the mass of the 
composition consumed. 

DESCRIPTION OF PREFERRED EMBODIMENT 

The invention relates to friction control compositions With 
enhanced retentivity for use on steel surfaces Which are in 
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8 
sliding or rolling-sliding contact. More speci?cally, the 
present invention relates to friction control compositions 
that are retained on the applied surfaces for prolonged 
periods of time and that contain an antioxidant. 

The folloWing description is of a preferred embodiment 
by Way of example only and Without limitation to the 
combination of features necessary for carrying the invention 
into effect. 
The enhanced friction control compositions of the present 

invention generally comprise an antioxidant, a rheological 
control agent, a friction modi?er, and a retentivity agent. If 
a liquid formulation is desired, the friction control compo 
sition of the present invention may also comprise Water or 
another composition-compatible solvent. The friction con 
trol formulations of the present invention may also comprise 
one or more lubricants. Even though the compositions of the 
present invention, When comprising Water or other compat 
ible solvent, are effective for use Within liquid formulations, 
the composition may be formulated into a paste or solid form 
and these compositions exhibit many of the advantages of 
the frictional composition described herein. The composi 
tions as described herein may also comprise Wetting agents, 
dispersants, anti-bacterial agents, and the like as required. 
By the term ‘antioxidant’, it is meant a chemical, com 

pound or combination thereof that either in the presence or 
absence of a retentivity agent increases the amount of 
friction control composition retained on the surfaces thereby 
resulting in an increase in the effective lifetime of operation 
or durability of the friction control compositions. Antioxi 
dants include but are not limited to: 

amine type antioxidants, for example but not limited to 
WINGSTAY® 29 (a mixture of styrenated 
diphenylamines); 

styrenated phenol type antioxidants, for example but not 
limited to WINGSTAY® S; 

hindered type antioxidants, for example but not limited to 
WINGSTAY® L (a butylated reaction product of 
p-cresol and dicyclopentadiene); 

thioester type antioxidants (also knoWn as secondary 
antioxidants), for example but not limited to WING 
STAY® SN-l (a diester of 3-(dodecyclthio) propionic 
acid and tetraethylene glycol or combinations thereof, 
for example but not limited to: 

synergistic blends comprising a hindered phenol and a 
thioester, for example but not limited to OCTOLITE® 
424-50. 

Preferred antioxidants are WINGSTAY® S, WING 
STAY® L, and WINGSTAY® SN-l, from Goodyear 
Chemicals, and OCTOLITE®424-50 from Tiarco 
Chemical. 

By the term ‘positive friction characteristic’, it is meant 
that the coef?cient of friction betWeen tWo surfaces in 
sliding or rolling-sliding contact increases as the creepage 
betWeen the tWo surfaces increases. The term ‘creepage’ is 
a common term used in the art and its meaning is readily 
apparent to someone of skill in the art. For example, in the 
railroad industry, creepage may be described as the percent 
age difference betWeen the magnitude of the velocity of the 
sliding movement of a rail relative to the magnitude of the 
tangential velocity of the Wheel at the point of contact 
betWeen Wheel and rail, assuming a stationary Zone of 
contact and a dynamic rail and Wheel. 

Various methods in the art may be used to determine if a 
friction control composition exhibits a positive friction 
characteristic. For example, but not Wishing to be limiting, 
in the lab a positive friction characteristic may be identi?ed 
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using a disk rheometer or an Amsler machine Harrison, 
T. McCanney and J. Cotter (2000), Recent Developments in 
COF Measurements at the Rail/Wheel Interface, Proceed 
ings The 5”1 International Conference on Contact Mechanics 
and Wear of Rail/Wheel Systems CM 2000 (SEIKEN Sym 
posium No. 27), pp. 30—34, Which is incorporated herein by 
reference). An Amsler machine consists of tWo parallel discs 
being run by each other With variable loads being applied 
against the tWo discs. This apparatus is designed to stimulate 
tWo steel surfaces in sliding-rolling contact. The discs are 
geared so that the axle of one disc runs about 10% faster than 
the other. By varying the diameter of the discs, different 
creep levels can be obtained. The torque caused by friction 
betWeen the discs is measured and the coef?cient of friction 
is calculated from the torque measurements. In determining 
the friction characteristic of a friction modi?er composition 
it is preferable that the friction control composition be fully 
dry prior to performing measurements for friction charac 
teristics. HoWever, measurements using Wet or semi-dry 
friction control compositions may provide additional infor 
mation relating to the friction control compositions. 
Similarly, creep characteristics may be determined using a 
train With specially designed bogies and Wheels that can 
measure forces acting at the contact patch betWeen the rail 
and Wheel, and determine the creep rates in lateral and 
longitudinal direction simultaneously. 
As Would be evident to some skilled in the art, other tWo 

roller systems may be used to determine frictional control 
characteristics of compositions (eg A. Matsumo, Y. Sato, 
H. Ono, Y. Wang, M. Yamamoto, M. Tanimoto and Y. Oka 
(2000), Creep force characteristics betWeen rail and Wheel 
on scaled model, Proceedings The 5m International Confer 
ence on Contact Mechanics and Wear of Rail/Wheel Sys 
tems CM 2000 (SEIKEN Symposium No. 27), pp. 197—202; 
Which is incorporated herein by reference). Sliding friction 
characteristics of a composition in the ?eld, may be deter 
mined using for example but not limited to, a push tribom 
eter or TriboRailer Harrison, T. McCanney and J. Cotter 
(2000), Recent Developments in COF Measurements at the 
Rail/Wheel Interface, Proceedings The 5th International 
Conference on Contact Mechanics and Wear of Rail/Wheel 
Systems CM 2000 (SEIKEN Symposium No. 27), pp. 
30—34, Which is incorporated herein by reference). 

FIG. 1A displays a graphical representation of a typical 
coef?cient of friction versus % creep curve, as determined 
using an amsler machine, for a composition characteriZed as 
having a neutral friction characteristic (LCF), in that With 
increased creepage, there is a loW coeffecient of friction. As 
described herein, LCF can be characteriZed as having a 
coef?cient of friction of less than about 0.2 When measured 
With a push tribometer. Preferably, under ?eld conditions, 
LCF exhibits a coef?cient of friction of about 0.15 or less. 
A positive friction characteristic is one in Which friction 
betWeen the Wheel and rail systems increases as the creepage 
of the system increases. FIG. 1B and FIG. 1C display 
graphical representations of typical coefficient of friction 
versus % creep curves for compositions characteriZed as 
having a high positive friction (HPF) characteristic and a 
very high positive friction (VHPF) characteristic, respec 
tively. As described herein, HPF can be characteriZed as 
having a coef?cient of friction from about 0.28 to about 0.4 
When measured With a push tribometer. Preferably, under 
?eld conditions, HPF exhibits a coef?cient of friction of 
about 0.35. VHPF can be characteriZed as having a coef? 
cient of friction from about 0.45 to about 0.55 When mea 
sured With a push tribometer. Preferably, under ?eld 
conditions, VHPF exhibits a coef?cient of friction of 0.5. 
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Wheel squeal associated With a curved track may be 

caused by several factors including Wheel ?ange contact 
With the rail gauge face, and stick-slip due to lateral creep of 
the Wheel across the rail head. Without Wishing to be bound 
by theory, lateral creep of the Wheel across the rail head is 
thought to be the most probable cause of Wheel squeal, While 
Wheel ?ange contact With the rail gauge playing an 
important, but secondary role. Studies, as described herein, 
demonstrate that different friction control compositions may 
be applied to different faces of the rail-Wheel interface to 
effectively control Wheel squeal. For example, a composi 
tion With a positive friction characteristic may be applied to 
the head of the rail-Wheel interface to reduce lateral slip 
stick of the Wheel tread across the rail head, and a loW 
friction modi?er composition may be applied to the gauge 
face of the rail-Wheel ?ange to reduce the ?anging effect of 
the lead axle of a train car. 
By the term ‘rheological control agent’ it is meant a 

compound capable of absorbing liquid, for example but not 
limited to Water, and physically sWell. A rheological control 
agent may also function as a thickening agent, and help keep 
the components of the composition in a dispersed form. This 
agent functions to suspend active ingredients in a uniform 
manner in a liquid phase, and to control the How properties 
and viscosity of the composition. This agent may also 
function by modifying the drying characteristics of a friction 
modi?er composition. Furthermore, the rheological control 
agent may provide a continuous phase matrix capable of 
maintaining the solid lubricant in a discontinuous phase 
matrix. Rheological control agents include, but are not 
limited to clays such as bentonite (montmorillonite), for 
example but not limited to HECTABRITE®, casein, car 
boxymethylcellulose (CMC), carboxy-hydroxymethyl 
cellulose, for example but not limited to METHOCEL® 
(DoW Chemical Company), ethoxymethylcellulose, 
chitosan, and starches. 
By the term ‘friction modi?er’ it is meant a material 

Which imparts a positive friction characteristic to the friction 
control composition of the present invention, or one Which 
enhances the positive friction characteristic of a liquid 
friction control composition When compared to a similar 
composition Which lacks a friction modi?er. The friction 
modi?er preferably comprises a poWderiZed mineral and has 
a particle siZe in the range of about 0.5 microns to about 10 
microns. Further, the friction modi?er may be soluble, 
insoluble or partially soluble in Water and preferably main 
tains a particle siZe in the range of about 0.5 microns to 
about 10 microns after the composition is deposited on a 
surface and the liquid component of the composition has 
evaporated. Friction modi?ers, described in US. Pat. No. 
5,173,204 and WO98/ 13445 (Which are incorporated herein 
by reference) may be used in the composition described 
herein. Friction modi?ers may include, but are not limited 
to: 

Whiting (Calcium Carbonate); 
Magnesium Carbonate; 
Talc (Magnesium Silicate); 
Bentonite (Natural Clay); 
Coal Dust (Ground Coal); 
Blanc Fixe (Calcium Sulphate); 
Asbestors (Asbestine derivative of asbestos); 
China Clay; Kaolin type clay (Aluminium Silicate); 
Silica—Amorphous (Synthetic); 
Naturally occurring Slate PoWder; 
Diatomaceous Earth; 
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Zinc Stearate; 
Aluminium Stearate; 
Magnesium Carbonate; 
White Lead (Lead Oxide); 
Basic Lead Carbonate; 
Zinc Oxide; 
Antimony Oxide; 
Dolomite (MgCo CaCo); 
Calcium Sulphate; 
Barium Sulphate (e.g. Baryten); 
Polyethylene Fibres; 
Aluminum Oxide; 
Red Iron Oxide (Fe2O2); 
Black Iron Oxide (Fe3O2); 
Magnesium Oxide; and 
Zirconium Oxide 

or combination thereof. 

By the term ‘retentivity agent’ it is meant a chemical, 
compound or combination thereof Which increases the effec 
tive lifetime of operation or the durability of a friction 
control composition betWeen tWo or more surfaces is 
sliding-rolling contact. A retentivity agent provides, or 
increases ?lm strength and adherence to a substrate. Pref 
erably a retentivity agent is capable of associating With 
components of the friction composition and forming a ?lm 
on the surface to Which it is applied, thereby increasing the 
durability of the composition on the surface exposed to 
sliding-rolling contact. Typically, a retentivity agent exhibits 
the desired properties (for example, increased ?lm strength 
and adherence to substrate) after the agent has coalesced or 
polymeriZed as the case may be. It may be desireable under 
some conditions. Without Wishing to be bound by theory, in 
the case of a polymeric retentivity agent, the particles of the 
agent relax and unWind during curing. Once the solvent fully 
evaporates a mat of overlapping polymer strands is formed, 
and it is this highly interWoven mat that determines the 
properties of the ?lm. The chemical nature of the polymer 
strands modi?es hoW the strands adhere to each other and 
the substrate. 

It is preferable that a retentivity agent has the ability to 
bind the lubricant and friction modi?er components so that 
these components form a thin layer and resist displacement 
from the Wheel-rail contact patch. It is also preferable that 
retentivity agents maintain physical integrity during use arid 
are not burned off during use. Suitable retentivity agents 
exhibit a high solids loading capacity, reduced viscosity, and 
if desired a loW minimum ?lm forming temperature. 
Examples of retentivity agents, include but are not limited 
to: 

X acrylics, for example but not limited to, RHOPLEX® 
AC 264, RHOPLEX® MV-23LO or MAINCOTE® 
HG56 (Robin & Haas); 

X polyvinyls, for example, but not limited to, AIRFLEX® 
728(Air Products and Chemicals), EVANOL® 
(Dupont), ROVACE® 9100. or ROVACE® 0165 

(Robin & Hass); 
X oxaZolines, for example, but not limited to, AQUA 
ZOL® 50 & 500 (Polymer Chemistry); 

X styrene butadiene compounds, for example for example 
but not limited to, DOW LATEX 226 & 240® (DoW 
Chemical Co.); 

X styrene acrylate, for example but not limited to, 
ACRONAL® S 760 (BASF), RHOPLEX® E-323LO 
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12 
RHOPLEX® HG-74P (Rohm & Hass), EMULSION® 
E-1630, E-3233 (Rohm & Hass); 

X epoxies, comprising a tWo part system of a resin and a 
curing agent. Choice of resin may depend upon the 
solvent used for the friction modi?er composition. For 
example, Which is not to be considered limiting, in 
aqueous formulations suitable resin include Water 
borne epoxies, such as, ANCARES® AR 550 (is 2,2‘ 
[(1-methylethylidene)bis(4,1 
phenyleneoxymethylene)] bisoxirane homopolymer 
Air Products and Chemicals), EPOTUF® 37-147 
(Bisphenol A-based epoxy; Reichhold). An amine or 
amide curing agents, for example, but not limited to 
ANQUAMINE® 419, 456 and ANCAMINE® K54 
(Air Products and Chemicals) may be used With aque 
ous epoxy formulations. HoWever, increased retentivity 
has been observed When an epoxy resin, in the absence 
of a curing agent is used alone. Preferably, the epoxy 
resin is mixed With a curing agent during use. Other 
components that may be added to the composition 
include hydrocarbon resins that increase the adhesion 
of the composition to contaminated surfaces, for 
example but not limited to, EPODIL-L® (Air Products 
Ltd.) If an organic based solvent is used, then non 
aqueous epoxy resins and curing agents, maybe used; 

X alkyd, modi?ed alkyds; 
X acrylic latex; 
X acrylic epoxy hybrid; 
X urethane acrylic; 
X polyurethane dispersions; and 
X various gums and resins. 
Increased retentivity of a friction modi?er composition 

comprising a retentivity agent, is observed in compositions 
comprising from about 0.5 to about 40 Weight percent 
retentivity agent. Preferably, the composition comprises 
about 1 to about 20 Weight percent retentivity agent. 
As an epoxy is a tWo-part system, the properties of this 

retentivity agent may be modulated by varying the amount 
of resin or curing agent Within the epoxy mixture. For 
example, Which is described in more detail beloW, increased 
retentivity of a friction modi?er composition comprising an 
epoxy resin and curing agent, is observed in compositions 
comprising from about 1 to about 50 Wt % epoxy resin. 
Preferably, the composition comprises from about 2 to about 
20 Wt % epoxy resin. Furthermore, increasing the amount of 
curing agent, relative to the amount of resin, for example, 
but not limited to 0.005 to about 0.8 (resinzcuring ratio), may 
also result in increased retentivity. As described beloW, 
friction modi?er compositions comprising epoxy resin in the 
absence of curing agent, also exhibit high retentivity. With 
out Wishing to bound by theory, it is possible that Without a 
curing agent the applied epoxy ?lm maintains an elastic 
quality alloWing it to Withstand high pressures arising from 
steel surfaces in sliding and rolling contact. 

Retentivity of a composition may be determined using an 
Amsler machine or other suitable device (see above) and 
noting the number of cycles that an effect is maintained (see 
FIG. 3A). Furthermore, in the railroad industry retentivity 
may be measured as a function of the number of axle passes 
for Which a desired effect, such as, but not limited to sound 
reduction, draWbar force reduction, lateral force reduction, 
or frictional level, is maintained (eg see FIGS. 3B and 3C), 
or by using a push tribometer. Without being bound by 
theory, it is thought that retentivity agents possess the ability 
to form a durable ?lm betWeen surfaces in sliding and 
rolling-sliding contact, such as but not limited to Wheel-rail 
interfaces. 
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A solvent is also required so that the friction modifying 
compositions of the present invention may be mixed and 
applied to a substrate. The solvent may be either organic or 
aqueous depending upon the application requirements, for 
example, cost of composition, required speed of drying, 
environmental considerations etc. Organic solvents may 
include, but are not limited to, methanol, hoWever, other 
solvents may be used to reduce drying times of the applied 
composition, increase compatibility of the composition With 
contaminated substrates, or both decrease drying times and 
increase compatibility With contaminated substrates. Pref 
erably the solvent is Water. Usually in Water-borne systems 
the retentivity agent is not truly in a solution With the 
solvent, but instead is a dispersion. 
By the term ‘lubricant’ it is meant a chemical, compound 

or mixture thereof Which is capable of reducing the coeffi 
cient of friction betWeen tWo surfaces in sliding or rolling 
sliding contact. Lubricants include but are not limited to 
molybdenum disul?de, graphite, aluminum stearate, Zinc 
stearate and carbon compounds such as, but not limited to 
coal dust, and carbon ?bres. Preferably, the lubricants, if 
employed, in the compositions of the present invention are 
molybdenum disul?de, graphite and Te?on®. 

The friction control compositions of the present invention 
may also include other components, such as but not limited 
to preservatives, Wetting agents, consistency modi?ers, and 
defoaming agents, either alone or in combination. 

Examples of preservatives include, but are not limited to 
ammonia, alcohols or biocidal agents, for example but not 
limited to Elxaban A®. An example of a defoaming agent is 
Colloids 648®. 
A Wetting agent Which may be included in the composi 

tions of the present invention may include, but is not limited 
to, nonyl phenoxypolyol, or CO-630® (Union Carbide). The 
Wetting agent may facilitate the formation of a Water layer 
around the lubricant and friction modi?er particles Within 
the matrix of the rheological control agent, friction modi?er 
and lubricant. It is Well knoWn Within the art that Wetting 
agents reduce surface tension of Water and this may facilitate 
penetration of the friction control composition into cracks of 
the surfaces Which are in sliding or rolling-sliding contact. 
Further, a Wetting agent may aid in the dispersion of the 
retentivity agent in the liquid friction control composition. 
The Wetting agent may also be capable of emulsifying 
grease, Which may be present betWeen surfaces in sliding 
and rolling-sliding contact, for example, but not Wishing to 
be limiting surfaces such as a steel-Wheel and a steel-rail. 
The Wetting agent may also function by controlling disper 
sion and minimiZing agglomeration of solid particles Within 
the composition. 

The consistency modi?er Which may be included in the 
friction control compositions of the present invention may 
comprise, but are not limited to glycerine, alcohols, glycols 
such as propylene glycol or combinations thereof. The 
addition of a consistency modi?er may permit the friction 
control compositions of the present invention to be formu 
lated With a desired consistency. In addition, the consistency 
modi?er may alter other properties of the friction control 
compositions, such as the loW temperature properties of the 
compositions, thereby alloWing the friction control compo 
sitions of the present invention to be formulated for opera 
tion under varying temperatures. 

It is also possible that a single component of the present 
invention may have multiple functions. For example, but not 
Wishing to be limiting, alcohol Which may be used as a 
preservative and it may also be used as a consistency 
modi?er to modulate the viscosity of the friction modi?er 
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14 
composition of the present invention. Alternatively, alcohol 
may also be used to loWer the freeZing point of the friction 
modi?er compositions of the present invention. 

Another bene?t associated With the use of the friction 
control compositions of the present invention is the reduc 
tion of lateral forces associated With steel-rail and steel 
Wheel systems of freight and mass transit systems. The 
reduction of lateral forces may reduce rail Wear (gauge 
Widening) and reduce rail replacement costs. Lateral forces 
may be determined using a curved or tangential track rigged 
With appropriate strain gauges. Referring noW to FIG. 2, 
there is shoWn the magnitude of the lateral forces on a 
steel-Wheel and steel-rail system for a variety of different car 
types in the presence or absence of a liquid friction control 
composition according to the present invention. As shoWn in 
FIG. 2, the use of a friction control composition according 
to the present invention, in this case, HPF, reduces maxi 
mum and average lateral forces by at least about 50% When 
compared With lateral forces measured on a dry rail and 
Wheel system. 

Yet another bene?t associated With the use of the friction 
control compositions of the present invention is the reduc 
tion of energy consumption as measured by, for example but 
not limited to, draWbar force, associated With steel-rail and 
steel-Wheel systems of freight and mass transit systems. The 
reduction of energy consumption has an associated decrease 
in operating costs. The use of a friction control composition 
according to the present invention, in this case, HPF, reduces 
draWbar force With increasing application rate of HPF, by at 
least about 15 to about 30% When compared With draWbar 
forces measured on a dry rail and Wheel system. 

There are several methods of applying a Water-based 
product to the top of the rail. For example Which are not to 
be considered limiting, such methods include: onboard, 
Wayside or hirail system. An onboard system sprays the 
liquid from a tank (typically located after the last driving 
locomotive) onto the rail. The Wayside, is an apparatus 
located alongside the track that pumps product onto the rail 
after being triggered by an approaching train. A hirail is a 
modi?ed pickup truck that has the capability of driving 
along the rail. The truck is equipped With a storage tank (or 
tanks), a pump and an air spray system that alloWs it to apply 
a thin ?lm onto the track. The hirail may apply compositions 
When and Where it is needed, unlike the stationary automated 
Wayside. Only a feW hirail vehicles are required to cover a 
large area, Whereas the onboard system requires that at least 
one locomotive per train be equipped to dispense the prod 
uct. 

Referring not to FIG. 3 there is shoWn the effect of a 
retentivity agent, for example, but not limited to acrylic, on 
the durability of, a liquid friction control composition 
betWeen tWo steel surfaces in sliding-rolling contact. Amsler 
retentivity in this case is determined by the number of cycles 
that the friction modi?er composition exerts an effect, for 
example, but not limited to maintaining the coef?cient of 
friction beloW about 0.4, or other suitable level as required 
by the application. The retentivity of the composition is 
approximately linearly dependent on the Weight percentage 
of the retentivity agent in the composition, for example but 
not limited to, from about 1% Weight/Weight (W/W) to about 
15% W/W retentivity agent. In this range, retentivity 
increases from about 5000 cycles to about 13000 cycles, as 
determined using an Amsler machine, representing about a 
2.5-fold increase in the effective durability and use of the 
composition. A similar increase in retentivity is also 
observed under ?eld conditions Where reduced lateral forces 
are observed for at least about 5,000 axle passes (FIGS. 3B, 
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3C). A similar prolonged effect of the frictional modi?er 
compositions as described herein comprising a retentivity 
agent is observed for other properties associated With the 
application of compositions of the present invention includ 
ing noise reduction and reduced draW-bar forces. In the 
absence of a retentivity agent, an increase in lateral force, or 
increase in noise levels, or an increase in draW-bar forces, is 
observed after about several hundred axle passes. 

The effect of the retentivity agent in prolonging the 
effectiveness of the compositions of the present invention is 
maximiZed if the friction modi?er composition is alloWed to 
set for as long as possible prior to its use. HoWever, this 
length of time may vary under ?eld conditions. In ?eld 
studies Where friction modi?er compositions, as described 
herein, Were applied to a track, and lateral forces Were 
measured on cars passing over the treated track during and 
after application, folloWing an initial decrease in lateral 
force, an increase in lateral force Was observed after about 
1,200 axle passes. HoWever, if the composition is alloWed to 
set prior to use, reduced lateral forces Were observed for 
about 5,000 to about 6,000 axle passes. Therefore, in order 
to decrease the setting time of the liquid frictional compo 
sitions as described herein, any compatible solvent, includ 
ing but not limited to Water, that permits a uniform appli 
cation of the composition, and that readily dries may be used 
in the liquid compositions of the present invention. 
Furthermore, the present invention contemplates the use of 
fast drying or rapid curing ?lm forming retentivity agents, 
for example, epoxy-based ?lm forming retentivity agents to 
decrease the required setting time of the composition. Such 
epoxy based compositions have also been found to increase 
?lm strength. Prolonging the effectiveness of the composi 
tions of the present invention may also be enhanced by 
adding one or more antioxidants to the composition, as 
described in more detail beloW. 

In contrast to the results obtained With acrylic, the level of 
bentonite (a rheological agent) does not affect retentivity as 
shoWn in FIG. 4. 
As disclosed herein, the retentivity of the friction control 

composition may be further enhanced if an antioxidant is 
added to the composition. FIGS. 5 and 7B shoW the effect of 
the addition of an antioxidant, in this case OCTOLITE® 
424-50 to a liquid friction control composition containing a 
retentivity agent, for example, but not limited to a styrene 
butadiene. The addition of the antioxidant in the system 
increased the number of cycles obtained before consumption 
of the composition. A loWer consumption rate is indicative 
of longer retentivity. It is to be understood that OCTO 
LITE® 424-50 is an example of possible antioxidants, and 
that other antioxidants may also be added to the frictional 
control compositions With the effect of increasing retentivity 
of the composition. 

Without Wishing to be bound by theory, it is postulated 
that the enhanced retentivity of the friction control compo 
sition obtained When an antioxidant is added is due to its 
ability to inhibit oxidation of the retentivity agents, for 
example but not limited to the acrylic polymer, RHOP 
LEX® AC-264 (Example 8, Table 13; FIG. 7B), and the 
styrene-butadiene random copolymer, DOW LATEX 
226NA® (FIG. 5). Both of these retentivity agents may be 
damaged by oxidation Which occurs upon exposure of the 
retentivity agent to oxygen in the atmosphere. This oxidation 
may be notably increased in a high temperature environment 
such as Wheel-rail interfaces. 

FIG. 7B shoWs the effect of the addition of a range of 
antioxidants in the presence of a acrylic-based retentivity 
agent on the consumption rate of the composition. This 
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?gure shoWs the loWering of the consumption rate of a 
composition comprising an acrylic-based retentivity agent 
(RHOPLEX® AC-264), and either a styrenated antioxidant, 
for example but not, limited to WINGSTAY® S, a hindered 
antioxidant, for example but not limited to WINGSTAY® L, 
a thioester antioxidant, for example but not limited to 
WINGSTAY® SN-l and a synergist antioxidant, for 
example, but not limited to OCTOLITE® 424-50. A loW 
ering of the consumption rate of the various compositions 
Was observed in the presence of the antioxidants. 

Oxidation of polymers occurs via a free-radical chain 
reaction. Peroxides are used in the manufacture of polymers 
and some unreacted peroxide remains after formation of the 
polymer. These peroxides Will cleave over time due to stress, 
heat, etc. and the free radicals produced Will then react With 
atmospheric oxygen to form peroxy radicals. Breaking doWn 
the free-radical chain reaction into its three steps: 

(a) Initiation: 
The peroxides break doWn to form free alkyl radicals. 

(b) Propagation: 
The alkyl radicals readily react With oxygen to yield 

peroxy radicals. 

Peroxy radicals react to cleave polymers, giving a neW 
radical and a carboxylic acid: 

(c) Termination: 
TWo radicals react to form a stable product: 

The propagation reaction can be repeated many times before 
a termination reaction occurs, causing damage to the poly 
mer lattice. Without Wishing to be bound by theory, the chain 
scission (cleavage of polymer chains) results in smaller 
molecules and less interlinks betWeen molecules, alloWing 
the binder to be removed from the substrate more easily. 

This enhanced retentivity is observed for compositions 
Where there is no retentivity agent. FIG. 6 shoWs the effect 
of the addition of an antioxidant, in this example OCTO 
LITE® 424-50, to a liquid friction control composition 
Which does not contain a retentivity agent. As FIG. 6 shoWs, 
even in the absence of a retentivity agent, the addition of an 
antioxidant results in an increase in retentivity of the 
composition, as indicated by an increase in the number of 
cycles obtained. 

This enhanced retentivity for compositions Where there is 
no retentivity agent is observed for a range of antioxidants, 
as shoWn in FIG. 7A. FIG. 7A shoWs the effect of the 
addition of an amine antioxidant, for example but not limited 
to WINGSTAY® 29, a styrenated antioxidant, for example 
but not limited to WINGSTAY® S, a hindered antioxidant, 
for example but not limited to WINGSTAY® L, a thioester 
antioxidant, for example but not limited to WINGSTAY® 
SN-l and a synergist antioxidant, for example, but not 
limited to OCTOLITE® 424-50. In all cases, there is loW 
ering of the consumption rate of the composition. Without 
Wishing to be bound by theory, it is postulated that this can 
be attributed to the protection of the M052 from oxidation. 
In the presence of oxygen, MoS2 can be converted to M003. 
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M003 is known to have a high coef?cient of friction and 
although this may not affect the polymer ?lm, retentivity 
may be reduced. The antioxidant Will complete With the 
M052 for atmospheric oxygen and therefore the higher the 
concentration of the antioxidant, the loWer the consumption 
rate of MoS2. 

According to one aspect of the present invention there is 
provided a liquid friction control composition exhibiting 
high positive frictional (HPF) characteristic With increased 
retentivity comprising: 

(a) from about 40 to about 95 Weigh percent Water; 
(b) from about 0.5 to about 30 Weight percent rheological 

control agent; 
(c) from about 0.5 to about 25 Weight percent friction 

modi?er; 
(d) from about 0.5 to about 40 Weight percent retentivity 

agent; 
(e) from about 0.02 to about 25 Weight percent lubricant; 

and 
(f) from about 0.5 to about 2 Weight percent antioxidant. 

Optionally, this composition may also comprise consistency 
modi?ers, antibacterial agents, defoaming agents and Wet 
ting agents. Preferably, the composition comprises: 

(a) from about 50 to about 80 Weight percent Water; 
(b) from about 1 to about 10 Weight percent rheological 

control agent; 
(c) from about 1 to about 5 Weight percent friction 

modi?er; 
(d) from about 1 to about 16 Weight percent retentivity 

agent; 
(e) from about 1 to about 13 Weight percent lubricant; and 
(f) from about 0.5 to about 2 Weight percent antioxidant. 

The increased retentivity of this (HPF) composition may be 
readily established by comparing the composition as just 
de?ned, to the above HPF composition that lacks the anti 
oxidant. 

According to another aspect of the present invention there 
is provided a liquid friction control composition character 
iZed as having a very high positive friction (VHPF) char 
acteristic and With increased retentivity. The composition 
comprises: 

(a) from about 40 to about 80 Weight percent Water; 
(b) from about 0.5 to about 30 Weight percent rheological 

control agent; 
(c) from about 2 to about 20 Weight percent friction 

modi?er; 
(d) from about 0.5 to about 40 Weight percent retentivity 

agent; and 
(e) from about 0.5 to about 2 Weight percent antioxidant. 

Optionally, this composition may also comprise consistency 
modi?ers, antibacterial agents, defoaming agents and Wet 
ting agents. The increased retentivity of this composition 
may be readily established by comparing the composition as 
just de?ned (VHPF), to the above VHPF composition that 
lacks the antioxidant. 

According to yet another aspect of the present invention 
there is provided a liquid friction control composition char 
acteriZed as having a loW coefficient of friction (LCF) 
characteristic and Which has enhanced retentivity. The com 
position comprises: 

(a) from about 40 to about 80 Weight percent Water; 
(b) from about 0.5 to about 50 Weight percent rheological 

control agent; 
(c) from about 0.5 to about 90 Weight percent retentivity 

agent; and 
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(d) from about 1 to about 40 Weight percent lubricant; 
(e) from about 0.5 to about 2 Weight percent antioxidant. 

Optionally, this composition may also comprise consistency 
modi?ers, antibacterial agents, defoaming agents and Wet 
ting agents. The increased retentivity of this composition 
may be readily established by comparing the composition as 
just de?ned (LCF), to the above LCF composition that lacks 
the antioxidant. 
The friction control compositions of the present invention 

may therefore be used for modifying friction on surfaces that 
are in sliding or rolling-sliding contact, such as railWay 
Wheel ?anges and rail gauge faces. HoWever, it is also 
contemplated that the friction control compositions of the 
present invention may be used to modify friction on other 
metallic, non-metallic or partially metallic surfaces that are 
in sliding or rolling-sliding contact. 
The compositions of the present invention may be applied 

to metal surfaces such as rail surfaces or couplings by any 
method knoWn in the art. For example, but not Wishing to be 
limiting, the compositions of the present invention may be 
applied as a solid composition, or as a bead of any suitable 
diameter, for example about one-eighth of an inch in diam 
eter. HoWever, in certain instances it may be preferable for 
the liquid friction control compositions to be applied using 
a brush or as a ?ne atomiZed spray. The bead method may 
have the potential disadvantage that under some circum 
stances it may lead to Wheel slip, possibly because the bead 
has not dried completely. A ?nely atomiZed spray may 
provide for faster drying of the composition, more uniform 
distribution of the material on top of the rail and may 
provide for improved lateral force reduction and retentivity. 
An atomiZed spray application of the liquid friction control 
compositions of the present invention may be preferable for 
on-board transit system application, on-board locomotive 
application and hirail vehicle application, but the use of 
atomiZed spray is not limited to these systems. HoWever, as 
someone of skill in the art Will understand, some composi 
tions of the present invention may not be ideally suited for 
application by atomiZed spray, such as liquid friction control 
compositions contemplated by the present invention Which 
are highly viscous. 
AtomiZed spray application is also suitable for applying 

combinations of liquid friction modi?er compositions of the 
present invention to different areas of the rail for optimiZing 
the interactions betWeen the rail-Wheel interface. For 
example, one set of applicator systems and noZZles applies 
a friction modi?er, for example but not limited to, an HPF 
composition to the heads of both rails, to reduce lateral 
slip-stick of the Wheel tread across the rail head, While 
another applicator and noZZle system may apply a loW 
friction composition, for example but not limited to LCF, to 
the gauge face of the outside rail to reduce the ?anging effect 
of the Wheel of the lead axle of a rail car. It is also possible 
to apply one frictional modi?er of the present invention as 
a atomiZed spray, for example to the gauge face of the rail, 
With a second frictional modi?er applied as a bead or as a 
solid stick on the rail head. 

Liquid friction control compositions according to the 
present invention Which are contemplated to be applied as an 
atomiZed spray preferably exhibit characteristics, such as, 
but not limited to a reduction of course contaminants Which 
may lead to clogging of the spray noZZles of the delivery 
device, and reduction of viscosity to ensure proper ?oW 
through the spray system of the delivery device and mini 
miZe agglomeration of particles. Materials such as, but not 
limited to, bentonite may comprise coarse particles Which 
clog noZZles With small diameters. HoWever, materials of a 
controlled, particle siZe, for example but not limited to 
particles of less than about 50 pM may be used for spray 
application. 




















